To investigate the effect of folic acid (FA) in an experimental model of anorectal malformations (ARMs) ethylenethiourea (ETU) induced.
Introduction
Anorectal malformations (ARMs) represent a broad spectrum of congenital anomalies, including anorectal and urogenital sinus defects. The incidence rate is approximately 1 per 5000 live births 1 , occurring most frequently in males. Usually, AMRs affect the terminal hindgut, anus, pelvic floor muscle (PMF) and striated muscle complex (SMC), innervations of PMF and SMC, and urogenital and spinal defects. Posterior sagittal anorectoplasty (PSARP) has been proposed as gold standard surgery 2 . Despite various advances in this technique, poor postoperative anorectal functions still remain as major problem. Fecal incontinence, constipation and voiding dysfunction are observed.
ARMs pathogenesis and morphogenesis remains unclear.
Different teratogenic drugs have been used to mimic ARMs in rats.
One of the most published is ethylenethiourea (ETU) 3 .
Good evidence from randomized trials suggests folic acid (FA) reduces the risk for neural tube defects (NTD). Maternal consumption of folic acid before pregnancy and during early pregnancy is associated with a reduced risk for some other birth defects. The rate of ARMs was greater among mothers who did not take folic acid than mothers who took folic acid before pregnancy.
Daily maternal consumption of 400 µg of folic acid could reduce the risk for AMRs 4 .
The aim of this study was to investigate the protect effect of FA in an experimental model of ARMs ETU-induced.
Methods

Ethical approval was obtained from the Research Ethics
Committees of the Universidade Federal de São Paulo prior to the study (Protocol n° 1859/11).
Eight female mature Wistar-EPM rats were provided from the Central Biotery of the Federal University of São Paulo.
Rats were divided randomly in two groups. Group A -ETU and Group B -FA+ETU.
Dams from group B received daily, since two weeks before pregnancy to the end of pregnancy, FA (50mg/kg) by gavage.
Rats received commercial feed and water ad libitum, under constant environmental conditions of temperature and humidity, with 12-hour day and night cycles using artificial light, controlled automatically. After one night of mating, dams who presented a vaginal smear with the presence of spermatozoids were considered to be potentially fertilized. This was considered to be day zero (GD0) of gestation. Dams were kept in individual cages.
On gestational day (GD) 11, dams from both groups received 1% ETU (125mk/kg) by gavage.
On GD21, dams were anesthetized with 2% Xylazine (60 mg/kg) and 10% Ketamine (10 mg/kg) by intramuscular injection.
Fetuses were harvested by cesarean section and were initially examined externally looking for AMRs. Dams were sacrificed by cervical dislocation. Following this, fetuses were underwent exploratory laparotomy to characterize the type of ARMs.
Terminal intestine was removed to histological analysis.
Fragments of terminal intestine were fixed in 10% buffered formaldehyde, dehydrated and embedded in paraffin, stained with hematoxylin and eosin, and examined microscopically by a blind examination. The thickness of anal stratified squamous epithelium (ASSE) and intestinal epithelium (IE) were analyzed.
Non-parametric tests were used when samples tested against normal distribution. Kruskal-Wallis test was used to compare different groups and Mann-Whitney test when comparing two groups. Parametric tests were used in the histological analysis.
Thickness was compared using two way Analysis of Variance (ANOVA) and post hoc Turkey test. Significant differences were considered when p<0.05.
Results
One hundred one fetuses were harvested. There were 49 fetuses from group A (ETU) and 52 fetuses from group B (FA+ETU).
In the ETU group, the mean weight of dams on GD0 and GD21 was, respectively 229.50g and 324.25g. In the FA+ETU group, the mean weight of dams on GD0 and GD21 was, respectively 212.50g and 298.75g (p>0.05). In the ETU group, the mean weight of fetuses ± standard deviation (SD) was 2.20 ± 0.62. In the FA+ETU group, the mean weight of fetuses ± SD was 5.89 ± 0.60 (p=0.025).
Statistically significant differences were observed comparing ARMs in two groups ( 
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Others anomalies were observed. Short or absence tail was observed in all ARMs. Limb defects, coexisting or not with ARMs, facial defects, spinal defects were observed in both groups (Figures 1 and 2 ). There was no significant difference (p>0.05).
The thickness of anal stratified squamous epithelium (ASSE) and intestinal epithelium (IE) were analyzed ( The previous work of our group has induced 71% of ARMs in rats treated by ETU 8 . In this paper, 65% of ARMs were induced by ETU. Our results are similar to other groups [9] [10] [11] [12] [13] [14] [15] .
Trying to figure out the enteric nervous system (ENS), the terminal intestine was analyzed by immunohistochemistry technique. Neuron-specific enolase (NSE), vasoactive intestinal peptide (VIP) and substance P 100 (PS100) were used to study the ENS and it was found neurons and ganglion cell densities in the myenteric plexus were decreased in ARMs [16] [17] [18] .
Interstitial In this study, the thickness of EEPA and IE were thinner in ETU group. Folic acid did not modify significantly the thickness of EEPA (p=0.2). On the other hand, the thickness of IE was significantly thicker in FA+ETU group than in ETU group. Fetuses with ARMs presented both thickness of EEPA and IE smaller than normal rats, but it was not possible to prove by statistical analysis. 27 .
In this study, ARMs ETU-induced experimental model was easily replicated, with similar results to other studies. The mean weight of the fetuses was significantly higher when FA was administrated (p=0.025). FA reduces significantly the incidence of ARMs in this model from 65% to 2% (p<0.005). Further studies are necessary to explain how folic acid acts in this model.
Conclusion
Folic acid reduces the incidence of anorectal malformations induced by ethylenethiourea in rats.
